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Terminal Learning Objective: Gven a schematic, a faulty
generator set electrical system and applicable tools and test
equi pnent, with the aid of references, repair the generator set
el ectrical systemso that it functions properly in accordance with the
appropriate equi pnment technical manual. (1142.1.2)

Enabl i ng Learni ng Obj ecti ves:

(1) Gven a schematic diagramof a half wave rectifier and a
list of rectifier characteristics, identify the characteristics that
apply to the half wave rectifier, in accordance with FM 11-62.
(1142. 01. 03bs)

(2) Gven a schematic diagram of a conventional full wave
rectifier and a list of rectifier characteristics, identify the
characteristics that apply to the conventional full wave rectifier, in
accordance with FM 11-62. (1142.01.03bt)

(3) Gven a schematic diagramof a full wave bridge rectifier
and a list of rectifier characteristics, identify the characteristics
that apply to the full wave bridge rectifier, in accordance with FM
11-62. (1142.01. 03bu)

(4) Gven a list of circuit characteristics, identify the
characteristics that apply to a sinple capacitor filter, in accordance
with FM 11-62. (1142.01.03bv)

(5) Gven a list of circuit characteristics, identify the
characteristics that apply to a shunt voltage regul ator, in accordance
with FM 11-62. (1142.01. 03bw)

Qutli ne:

1. Basic Power Supply:

a. Basic power supplies are nade up of four sections; a
transformer, rectifier, filter, and a regul ator.

(1) The first section is the transforner. The transformner

steps up or steps down the input |ine voltage and isol ates the power
supply fromthe power Iline.
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(2) The rectifier section converts the A C. input signal to a
pul sating D.C. voltage.

(3) The filter section is used to convert the pulsating D.C.
to a purer, nore desirable form

(4) The final section, the regulator, does just as the nane
inplies; it maintains the output of the power supply at a constant
level in spite of large changes in load current or input |ine
vol t ages.

b. Now that you know what each section does, let's trace an A C
signal through the power supply. You will see howthis signal is
altered within each section, and later you will see how these changes
t ake pl ace.

(1) The input signal of 115 volts A.C. is applied to the
primary side of the transforner shown here. This transformer is a
step-up transforner with a turn ratio of 1:3, therefore we get an
out put signal of 345 volts A C. Because each diode in the rectifier
section conducts for 180 degrees of the 360 degree input, the output
of the rectifier will be one-half, or approximtely 173 volts of
pul sating D. C

(2) The filter section, which is a network of resistors,
capacitors, or inductors, controls the rise and fall time of the
varying signal. Consequently, the signal renains at a nore constant
D.C. level. The output of the filter is a signal of 110 vdc.

(3) The regulator maintains its output at a constant 110 vdc.

2. Hal f Wave Rectifier:

a. Since a silicon diode will pass current in only one direction
it isideally suited for converting alternating current to pul sating
direct current.

(1) Wien A.C. voltage is applied to a diode, the diode
conducts only on the positive alternation of voltage; that is, when
the anode of the diode is positive in respect to the cathode.

(2) The sinplest type of rectifier is the half-wave rectifier.
It uses only one diode.

(a) During the positive alternation of input voltage, the
same wave applied to the di ode nakes the anode positive with respect
to the cathode. The diode conducts, allowing current to flow fromthe
negative supply lead, through the diode, to the positive supply |ead.
This current exists during the entire positive alternation of input
when the anode is positive in respect to the cathode.

(b) During the negative alternation of input voltage, the

anode is driven and the di ode cannot conduct. Wen this condition
exists, the diode is cut off and remains cut off for the entire
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negative alternation of input, during which tine no current flows in
the circuit. The circuit current, therefore, has the appearance of a
series of positive pulses. Although the current is in the form of

pul ses, the current always flows in the sane direction. Current that
flows in pulses in the sanme direction is called pulsating D.C. The
di ode has converted the A C. input voltage, to pulsating D. C output
vol t age.

b. The half-wave rectifier gets its nanme fromthe fact that it
conducts during only half of the input cycle. |Its output is a series
of pulses with a frequency that is the sane as the input frequency.
Thus when operated froma 60 Hertz Iine, the frequency of the pulse is
60 Hertz. This is called ripple frequency.

3. Ful | Wave Rectifier:

a. A full-wave rectifier circuit uses two diodes, D and D2, and
a center-tapped transfornmer TlI. \When the center tap is grounded, the
voltages at the opposite ends of the secondary w ndings are 180
degrees out of phase with each other. Thus, when the voltage at point
Ais positive with respect to ground, the voltage at point Bis
negative with respect to ground. Now we can exam ne the operation of
the circuit during one conplete cycle.

b. During the first half cycle which is indicated by the solid
arrows, the anode of DI is positive with respect to ground and the
anode of D2 is negative. As shown, current flows fromground (center
tap), up through the load resistor (RL), through diode D, to point A
In the transforner, current flows frompoint A through the upper
wi ndi ng and back to ground (center tap). Wwen D conducts, it acts
like a closed switch. The positive half cycle is felt across the | oad
(RL).

c. During the second half cycle, (which is indicated by the
dotted lines), the polarity of the applied voltage has reversed. Now
the anode of D2 is positive with respect to ground and the anode of D
is negative. Now only D2 can conduct. Current now flows, as shown,
fromthe ground (center tap) up through the | oad resistor (RL) through
diode D2 to point B of Tl. |In the transformer, current flows from
poi nt B, up through the | ower w ndings and back to ground (center
tap). Notice that the current flows across the load resistor (RL) in
the sanme direction for both halves of the input cycle.

d. View (B) represents the output waveformfromthe full-wave
rectifier. The waveform consists of two pul ses of current for each
cycle of input voltage. The ripple at the output of the full-wave
rectifier is therefore twice the line frequency.

e. The higher frequency at the output of a full-wave rectifier
offers a distinct advantage. Because of the higher ripple frequency,
the output is closely approximate to pure D.C. The higher frequency
al so makes filtering nmuch easier than it is for the output of the
hal f-wave rectifier.
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f. In ternms of peak value, the average val ue of current and
voltage at the output of the full-wave rectifier is twice as great as
that of the half-wave rectifier. The relationship between the peak
val ue and the average value is shown here in this slide. Since the
out put waveformis essentially a sine wave with both alternations at
the sanme polarity, the average current or voltage is 63.7 percent of
the peak current or voltage.

EXAMPLE: The total voltage across the high voltage secondary

transformer used to supply a full-wave rectifier is 300 volts. Find
the average | oad voltage (ignore the drop across the diode).
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SOLUTION:  Since the total secondary voltage (Es) is 300 volts, each
diode is supplied one-half of this voltage or 150 volts. Because the
secondary is an RM5 val ue, the peak | oad voltage is:

E max = 1.414 x Es
E max = 1.414 x 150
E nmax = 212 volts

The average | oad voltage is:

E avg = 0.637 x E max
E avg = 0.637 x 212
E avg = 135 volts

g. Every electrical circuit has its advantages and di sadvant ages.
The full-wave rectifier is no exception. |In studying the full-wave
rectifier, you may have found that by doubling the output frequency,
t he average voltage has doubled, and the resulting signal is much
easier to filter because of the high ripple frequency. The only
di sadvantage is that the peak voltage in the full-wave rectifier is
only half the peak voltage in the half-wave rectifier. This is
because the secondary of the power transformer in the full-wave
rectifier is center tapped; therefore, only half the source voltage
goes to each diode.

4. The Bridge rectifier:

a. Wien four diodes are connected as shown here, the circuit is
called a bridge rectifier. The input to the circuit is applied to the
di agonal |y opposite corners of the network and the output is taken
fromthe renmaining two corners.

b. We will now | ook at one conplete cycle of operation to help
you understand how this circuit works. Let us assune the transforner
is working properly. There is a positive potential at point A and a
negative potential at point B. The positive potential at point A wll
forward bias D3 and reverse bias D4. The negative potential at point
Bwll forward bias D1 and reverse bias D2. At this tinme, D3 and D1
are forward biased and will allow current flow to pass through them
D4 and D2 are reverse biased and will block current flow. The path for
current flowis frompoint B, through D, RL, D3, the secondary
wi nding of the transforner, and back to point B. This path is
i ndicated by the solid arrows. Wavefornms (1) and (2) can be observed
across DI and D3.

c. One-half cycle later, the polarity across the secondary of the
transformer reverses. This will forward bias D2 and D4, and reverse
biasing D and D3. Current floww ll now be frompoint A through D4,
RL, D2, through the secondary of T1, and back to point A This path
is indicated by the broken arrows. Waveforns (3) and (4) can be
observed across D2 and D4. As you will note, the current flow through
RL is always in the sanme direction. |In flowing through RL, this
current devel ops a voltage corresponding to that shown in waveform
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(5). Since current flows through the load (RL), during both cycles of
the applied voltage, this bridge rectifier is a full-wave rectifier.

d. One advantage of a bridge rectifier over a conventional full-
wave rectifier, is that with a given transforner, the bridge rectifier
produces a voltage output that is nearly twice that of the
conventional full-wave rectifier. This can be shown by assigni ng
val ues to sonme of the conponents shown here in Figure (A) and (B)
Assune that the same transformer is used in both circuits. The peak
vol t age devel oped between points X and Y is 100 volts in both
circuits. In the conventional full-wave circuit, shown in Figure A
t he peak voltage fromthe center tap to either X or Y, is 500 volts.
Since only one diode can conduct at any instant, the maxi num voltage
that can be rectified at any instant is 500 volts. Therefore, the
maxi mum vol t age that appears across the |load resistor is nearly, but
never exceeds 500 volts, as a result of the voltage drop across the
diode. In the bridge rectifier shown in Figure B, the maxi num voltage
that can be rectified is the full secondary voltage, which is 1000
volts. Wth both circuits using the sane transforner, the bridge
rectifier circuit produces a higher output voltage than the
conventional full-wave rectifier circuit.

5. Filters:

a. Wile the output of a rectifier is a pulsating D.C., nobst
el ectronic circuits require purer D.C. for proper operation. This
type of output is provided by single or multisection filter circuits,
pl aced between the output of the rectifier and the | oad.

b. There are four basic types of filter circuits: sinple
capacitor filter, LC choke-input filter, LC capacitor-input filter (Pl
type), and RC capacitor-input filter (Pl type).

c. Filtering is acconplished by the use of capacitors, inductors,
and/or resistors. Inductors are used as series inpedance to oppose
the flow of alternating, or pulsating D.C., current. Capacitors are
used as shunt elenments to bypass the alternating conponents of the
signal around the load (to ground). Resistors are used in place of
i nductors in |ow current applications.

d. The sinple capacitor is the nost basic type of power supply
filter. The application of the sinple capacitor filter is very
limted. It is sonmetines used on extrenely high voltage, |ow current
power supplies for cathode ray and similar electron tubes which
require very little load current fromthe supply. The capacitor filter
is al so used where the power supply ripple frequency is not critical.
This frequency can be relatively high. The capacitor (Cl), shown in
this slide, is a sinple filter connected across the output of the
rectifier in parallel with the | oad.

e. Wien this filter is used the RC charge tine of the filter
capacitor (Cl), nust be short and the RC di scharge tinme nust be | ong,
to elimnate ripple action. |In other words, the capacitor nust charge
up fast, preferably with no discharge tine at all. Better filtering
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al so results when the input frequency is high; therefore, the full-
wave rectifier is easier to filter than that of the half-wave
rectifier because of its higher frequency.

f. The value of the capacitor is fairly large, thus it presents a
relatively |l owresistance to the pulsating current and it stores a
substantial charge. The rate of charge for the capacitor is limted
only by the resistance of the conducting diode which is relatively
low. Therefore, the RC charge tinme of the circuit is relatively
short. As a result, when the pulsating voltage is applied to the
circuit, the capacitor charges rapidly and al nost reaches peak val ue
of the rectified voltage within the first few cycle. The capacitor
attenpts to charge to the peak value of the rectified voltage any tine
a diode is conducting and tends to retain its charge when the
rectifier output falls to zero. The capacitor slowy discharges
through the | oad resistance during the tine the rectifier is
nonconducti ng.

g. The rate of discharge of the capacitor is determ ned by the
val ue of capacitance and the value of the |oad resistance. |If the
capaci tance and | oad resi stance values are |arge, the RC di scharge
time for the circuit is relatively |ong.

h. A conparison of the waveforns shows here illustrates that the
addition of C to the circuit results in an increase in the average of
out put voltage and reduction in the anplitude of the ripple conponent
which is normally present across the | oad resistance.

i. Nowlet's consider a conplete cycle of operation using a half-
wave rectifier, a capacitive filter, and a resistive load. The
capacitive filter is assuned to be |arge enough to ensure a snal
reactance to the pulsating rectified current. The resistance of RL,
is assumed to be much greater than the reactance of C at the input
frequency. Wen the circuit is energized, the diode conducts on the
positive half cycle and current flows through the circuit, allow ng C
to charge. O wll charge to approxi nately the peak val ue of the
i nput voltage. The di ode cannot conduct on the negative half cycle,
because the anode of D is negative in respect to the cathode. During
this interval, O discharges through the load resistor. |In contrast
to the abrupt fall of the applied A C, voltage frompeak value to
zero, the voltage across O during the discharge period gradually
decreases until the tinme of the next half cycle of rectifier
oper ati on.

j. Since practical values of O and RL ensure a nore or |ess
gradual decrease of the discharge voltage, a substantial charge
remai ns on the capacitor at the tinme of the next half cycle of
operation. As a result, no current can flow through the di ode unti
the rising A.C. input voltage at the anode of the di ode exceeds the
voltage of the charge remaining on Cl. The charge on O is the
cat hode potential of the diode. Then the potential on the anode
exceeds the potential on the cathode fromC, the diode again conducts
and C begins to charge to approximately the peak val ue of the applied
vol t age.
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k. After the capacitor has charged to its peak val ue, the diode
will cut off and the capacitor will start to discharge. Since the
fall of the A.C. input voltage on the anode is considerably nore rapid
than the decrease on the capacitor voltage, the cathode quickly
becones nore positive than the anode and the di ode ceases to conduct.

. Operation of the sinple capacitor filter using a full-wave
rectifier is basically the sane as that discussed for the half-wave
rectifier. Looking at this diagram you should notice that because
one of the diodes is always conducting on either alternation, the
filter capacitor charges and di scharges during each half cycle. Still
each di ode conducts only for that portion of time when the potenti al
on the anode exceeds the potential on the cathode, fromthe capacitor.

6. Regul ators:
a. You should know that the output of a power supply varies with

changes in input voltage and circuit |oad requirenents. Because

el ectroni c equi pnent requires operating voltage and current which nust
remai n constant, sonme formof regulation is necessary. Circuits which
mai ntai n power supply voltages or current outputs wthin specified
limts or tolerances, are called regulators. They are designed as D.C
voltage or D.C. current regul ators depending on their specific
appl i cati on.

b. Voltage regulator circuits are additions to basic power supply
circuits, which are nade up of rectifier and filter sections. The
pur pose of the voltage regulator is to provide an output voltage, with
little or no variation. Regulator circuits sense changes in output
vol tages and conpensate for the changes. Regulators that naintain
voltages within plus or minus (+) 0.1 percent are quite common.

c. There are two basic types of voltage regulators. Basic
voltage regulators are classified as either series or shunt, depending
on the location or position of the regulating elenment, or elenments, in
relation to the circuit |load resistance. This slide illustrates a
series regulator. It is called a series regulator because the
regul ating device is connected in series with the |oad resistance. In
practice the circuitry of regul ating devices nmay be quite conpl ex.

d. This schematic drawing is that of a shunt-type regulator. It
is called a shunt-type regul ator because the regul ating device is
connected in parallel with the |oad resistance. For the purpose of
this course, we will deal primarily with the shunt regul ator

e. You already know the voltage drop across a fixed resistor
remai ns constant unless the current flowing through it varies. 1In a
shunt regul ator, as shown here, output voltage regulation is
determ ned through the parallel resistance of the regul ating device
(Dv), the load resistance (RL), and the series resistor (Rs). For
now, assune that the circuit is operating under normal conditions.
The input voltage is 120 volts D.C., and the desired regul at ed out put
is 200 volts D.C. For a 100 volt output to be mmintained, 100 volts
nmust be dropped across the series resistor, (Rs). |If you assune that
the value of Rs is 2 ohnms, then you nust have 10 amperes of current
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across Rv and RL. If the values of Rv and RL are equal, then 5
anperes of current will flow through each resistance.

f. Let's again | ook at the schematic diagram and consi der how the
vol tage regul ator operates, to conpensate for changes in input
vol tage. You know, of course, that the input voltage nmay vary and
that any variation nust be conpensated for by the regul ati ng devi ce.
If an increase in input voltage occurs, there distance of Rv
automatically decreases to maintain the correct voltage division
between Rv and Rs. You see, the regulator operates in the opposite
way to conpensate for a decrease in input voltage.

g. |If the load resistance RL increases the current through RL
wi |l decrease. For exanple, assunme that the current through RL is now
4 anperes and that the total current across Rs is 9 anperes. Wth
this drop in current, the voltage drop across Rs is 18 volts;
consequently, the output of the regulator will increase to 102 volts.
At this time, the regulating device (Rv), decreases in resistance and
6 anperes of current flows through this resistance (Rv). Thus, the
total current is once again 10 anps. Therefore, 20 volts is dropped
across Rs causing the output to decrease back to 100 volts. As you
will notice, if the | oad resistance increases the regul ati ng device
decreases, to conpensate for the change. |If RL decreases, the
opposite effect occurs and Rv increases.

h. Now consider the circuit when a decrease in |oad resistance
takes place. Then RL decreases, the current through RL subsequently
increases to 6 anperes. This action causes a total of 11 anperes to
flow t hrough Rs which then drops 22 volts. As a result, the output is
98 volts. However, the regulating device Rv senses this change and
increases its resistance so that less current flows through Rv. The
total current again becones 10 anperes and the output is again 100
vol ts.

i. Fromthese exanples you shoul d understand that the shunt
regul ator naintains the desired output voltage first by sensing the
current change in the parallel resistance of the circuit and then by
conpensating for the change.

j. So far, only voltage regulators that use variable resistors
have been expl ai ned. However, this type of regulation has
[imtations. QObviously, the variable resistor cannot be adjusted
rapi dly enough to conpensate for frequent fluctuations in voltages.
Since input voltages fluctuate frequently and rapidly, the variable
resistor is not a practical nmethod for voltage regulation. A voltage
regul ator that operates continuously and automatically to regulate the
out put voltage, wthout external nanipulation, is required for
practical application.

k . Looking at this diagram you will notice that we have repl aced
the variable resistor with a transistor Q. W have al so added a
current limting resistor, R, and a Zener diode CRI. As you wll
recall, a Zener diode is a di ode which blocks current until a
specified voltage is applied, which is referred to as breakdown or
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Zener voltage. Wen the Zener voltage is reached, the zener diode
conducts fromits anode to its cathode. As we study this schematic

you will notice that Rs is in series with the resistive |oad.
The current limting resistor and the Zener di ode, provide a constant
reference voltage for the base collector junction of Q. Notice that

the bias of @ is determined by the voltage drop across Rs and RI. As
you know, the anount of forward bias across a transistor affects its
total resistance. |In this case the voltage drop across Rs is the key
to total circuit operation

. Notice that this schematic is identical to the one that we
just saw, except the voltages are shown to hel p you understand the
functions of the various conmponents. In this circuit, the voltage
drop across CRI renmins constant at 5.6 volts. This nmeans that with a
20 volt input voltage, the voltage drop across Rl is 14.4 volts. Wth
a base emitter voltage of 0.7 volt, the output voltage is equal to the
sum of the voltages across CRI and the voltage at the base emtter
junction of Q. In this exanple, with an output voltage of 6.3 volts
and a 20 volt input voltage, the voltage drop across Rs equals 13.7
vol ts.

m View (A) is a schematic diagram of the sane shunt voltage
regul ator we previously viewed, with an increased input voltage of
20.1 volts. This increases the forward bias on Q to 0.8 volt.

Recal | that the voltage drop across CRI remains constant at 5.6 volts.
Since the output voltage is conprised of the Zener voltage and the
base enitter voltage, the output voltage nonentarily increases to 6.4
volts. At this tinme, the increase in the forward bias of Q |owers
the resistance of the transistor, allowing nore current to flow
through it. Since this current nust also pass through Rs, there is

al so an increase in the voltage drop across this resistor. The
voltage drop across Rs is now 13.8 volts and therefore the output
voltage is reduced to 6.3 volts. Renenber, this change takes place in
a fraction of a second.

n. Inview (B), we have the sane circuit except the out put
voltage is different. The load current has increased causing a
monentary drop in voltage output to 6.2 volts. Recall that the
circuit was designed to ensure a constant output voltage of 6.3 volts.
Since the output voltage is less than that, changes occur in the
regulator to restore the output to 6.3 volts. Because of the 0.1 volt
drop in the output voltage, the forward bias of Q is now 0.6 volt.
This decrease in the forward bias increases the resistance of the
transistor. This reduces the current flow through Q by the sane
amount that the load current increased. The current flow through Rs
returns to its normal value and restores the output voltage to 6.3
vol ts.

Ref er ences:

1. FM11-62
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